N76-33242

Unclas
057438

G3/13

-pouglas
CSCL 222

i U

HEEKMAL BOUNDARIES
54 p HC $4.50

m
CUMENT (McDonnell

ANALYSIS FRCGRAN DO
echni~al Service )

P
udy
™~
(&)
-
u
-
J
[«])
[8)
!
g
n
[
A
L4

-~

MCDONNELL DOUGLAS TECHNICAL SERVICES CO.
HOUSTON ASTRONAUTICS DIVISION

SPACE SHUTTLE ENGINEERING AND OPERATIONS SUPPCRT

DESIGN NOTE NO. 1.4-4-5
THERMAL BOUNDARIES ANALYSIS PROGRAM DOCUMENT

MISSION PLARNING, MISSION ANALYSIS AND SOFTHARE FORMULATION

30 APRIL 1975

This Design Mote is Submitted to HASA Under Task Order

llo. DOY03, Task Assignment 1.4-4-A, in Fulfiliment of
Contract NAS 9-13970.

O /578205

){ .AL

PREPARED BY: ;277& c lfg;zijﬁ 1,/’ APPROVED BY: }:k /47h/uJ51/*
[6F Evans 0. Hioit
Engineer

Task Manager

486-56€0, Ext. 243 488-5660, Ext. 243

A\

APPROVED BY: './/f ot
AN Hxn.on
FPG Vork Package Manage
488-5C60, Ext, 240

g
L.

I

e s A /
_,{Q;fgé,zﬁ‘F W0VED BY: ’45//v// ’/:::a

Project Ixry}er
Mission Planninn,
ftissicn Anelysis aid
Software formulation
486-5C60, Ixt, 266

g i E Haye T
r




2.0 INTRODUCTION

The digital program TBAP has been developed to provide thermal
boundaries in the D/M-relative velocity (D-V), dynamic pressure-
relative velocity (g-V), and altitude-relative velocity (h-V) planes.
These thermal boundaries are used to design and/or analyze Shuttle
Orbiter entry trajectories. The TBAP has been used extensively in
supporting the Flight Performance Eranch of the MASA in evaluating

candidate trajectories for the Tharmal Protection System design

trajectory.
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3.0 DISCUSSION

D/M

and dynamic Pressure are thep found corresponding to the altitude-
velocity point. Thig Process is then repeated for a different

e desired range of velocities is Spanned.

The assumptions made in deve]oping TBAP are that simplified heating

models (Roferences 1 and 2) cap be used to determine surface temp-

g
i
3
£
4
§

erature and that atmospheric density and free stream temperature

€an be modeled using the 1962 Standard Atmosphere.

The reference heat rate for the pPanels and

in Reference 1 is

. V3.
Uref = 0.82 (17700) 1/ (]5‘.)

where

P = free streay density (slugs/ft’),
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v = relative velocity magnitude (ft/sec),
h, = surface enthalpy (BTU/Ibm),
hw = 24 Tw’ (2)
';: ho = total enthalpy (BTU/]bm),
h, =.24T, + ¥ (3)
50,063
;E and Tw = wall temperature (°R),
4 T, =1000( drer )% (4)
3 476¢
f: %} T_ = free stream temperature (°R),
> and e = surface emissivity.
ﬁ; NOTE: Since TH’ (equation (4)), is not independent of Qofr 2N initial
4 value of TN is assumed and two passes are made through equation (1)
3 in defining Aot
2 The individual panel or control point heat rate (Reference 1 and 2)
3 for laminar, transitional and turbulent flour are cefined by
E qpanc] B qi(lam) N Aiciqref’ for P < p‘oi‘ (5)
‘ = = ~ N ) \'3 ) 'Y
9penel ™ %i(trans)” Y4 (1am) (?«8-' b <?~£--) s for Ros <R<K Roi»(ﬁ)
01 tod
and
qpane] T % (tud) T q1’(1am)c V»§~‘ 3, for K Roi <R, (7)
toid
wvhere Ai = cdeflection factor,
: . Qigq.,. . b 4
. C, = Ziflen) , for the i, penel
5 ref

= funclion of arjle of attack, =,

R R R e BT
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Reynolds number behind a normal shock

oy
Hy

transition onset Reynolds number for the ith panel,
function of «,
and by, ® normal shock viscosity coefficient and a, b, ¢, and K are
modeling constants. The deflection factor, Bys (Equation (5)) equals
one for surfaces not on the elevon or body flap and

Ai =1.05+ (9.8 - %) r

where a = angle of attack (degrees)
r = .01966 - .0122, for 0 < & < 4
I = .02765 - .0443, for 4 < § < 8
I = 036765 - .11758, for 8 < &8 < 15
I = 046698 - .2665, for 15 < §
and § = deflection angle (body flap or elevon) for surfaces on the

body flap or elevon.

Ci and Roi are stored in tables in TBAP as functions of a and interpolated
for the appropriate a. M, is stored in a teble.2s a function of V and
interpolated for the appronriate V. The surface temperature for the

ith panel as defirned in Reference 2 is given hy

q
T, = 1000 (ié.'!ﬁ‘:‘.- ).25 460

'3
A7 &

vhere €5 = surface emissivity for the 1th panel.

Usina Equations 1 through 9, a regula falsi pothod is used to solve for
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the altitude at which panel temperature is equal to a critical

temperature.

That is

. Ah
hin hy * [ET

is initialized with an altitude hi’ %g calculated numerically by

R |

- (o
ry S PR P )

and an iteration process continued until Ti converges to Tc within an

input convergence criterion.

The dynamic pressure is defined by

1 2
57 (12)

In TBAP the free stream density, o, and temperature, Tm, (Fauation 3)
are computed using the SVDS (Reference 3) subroutine ATMOS which
represents the 1962 Scandard atmosphere; The drag acceleration is
defined by
o= 8 Sp°
m

vihere CD drag coefficient

S refererce area

and  m = vehicle rass.

CU is cesmputed using the SYLS subroutine ARiad \Fefercnoe 3).
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4.0 INPUT DESCRIPTION

The TBAP input data consists of data from the SVDS base data tape

(Reference 3) for an entry run and data for the following variables

which are in common arrays.

COMMON CONMMON

1 © VARIABLE  TYPE *  BLOCK LOCATION DESCRIPTION
; ALPHA R BLCK GNDAT1 (78)  Pitch angle of attack (RAD)
: MASS R BLCK GNDAT1 (128) Vehicle Mass (sTugs)
1 Vv R BLCK XLEC (507) Initial velocity (ft/sec)
: H R BLCK GNDAT! {70) Geodetic altitude (ft)
= E NC2M I GEN2 WORK2 (330) Convergence interval for
> £ temperature jterator
=} NVAL I GEN2 WORK2 (331)  Number of values for angle-
E of-attack table
“J
- DT R GEN2 WORK2 (107) Specified tolarance factor
E F . for temperature iterator
;1 § bv R GEN2 WORK2 (105) Increment velocity (ft/sec)
55 NP 1 GEN2 WORK2 (108)  TPS panel or control point
number
;E : Iop I GEN? HORK2 (110) Option for atmospheric mode)
= = 0 1962 U.S. Standard
s atmosphere

= 1 July atrosphere at 30 Dea.
Morth Latitude

= 2 Jan, atrosphere at 30 Deg,
North Latitude

; = 3 July atrosphere at 60 Dog.

Forth Latitude

= 4 Jan. atiosphere at €9 Deo.
torth Latitude

Vi R GLi2 uoRK2 (104)  Mtaxirum velocity (ft/sec)

= :.-‘-“’f.;;-#ﬂmmm AE e SR e e
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COMMON  COMMON
VARIABLE TYPE *  BLOCK LOCATION DESCRIPTION
1ALP 1 GEN2 WORK2 (111)  Option for angle-of-attack

= 0 ramped schedule
= 1 constant schedule

TC R GEN2 WORK2 (112) Critial temperature (DEG)
VALT (1), R GEN2 HORK2 (150) Velocity Table (ft/sec)
I =1, NVAL v
VALP (1), R GEN2 VORK2 (114) Angle-of-attack Table (DEG)
I =1, NVAL
NBAP 1 GEN2 WORK2 (200)  Flag determining thermal
t B . boundary option
; = 0 Does not call TBAP
= 1 Calls TBAP
? TSTOP I GNDAT2 GNDATZ (2) Maximum Phase Time (sec)
; THAX I GNDAT2  GHDAT2 (3) Maximum Case Time (sec)
I1BAP 1 GENZ WORK2 (199) Flag for TBAP driver option

0 Do not use TBAP driver
1 Use TBAP driver

n

* NOTE: Type "R" denotes REAL.

Type "I" denotes INTEGER.

1.
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5.0 OQUTPUT DESCRIPTION

Figure 1 gives an example of the intialization data which is output

from TBAP, Table I defines the data in Figure 1.

Figure 2 gives an example of line printer output of thermal boundary
data for a given panel from TBAP. Table Il defines the data in

Figure 2.

Plots of thermal data from TBAP (see Appendix A Figures 3, 4, 5) are
presented in the D/M-relative velocity, altitude-relative velocity,
and dynamic pressure-relative velocity planes respectively for control

point 2 (body flap).
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TABLE 1.
INITIALIZATION DATA

Row 1 -2

777 Input identification
NC2M Maximum number of iterations on critical temperature

NVAL Number of values for angle-of-attack table

Row 3 - 4
Input identification
REF AREA Reference Area (ft?)

o i

WEIGHT Weight (1bs)
VSTART Initial velocity (ft/sec)
vsTOoP Final velocity (ft/sec)

HRE TR AR IR P b e

DELTA V Velocity increment (ft/sec)

DT Specified tolarance factor for temperature iterator (°F)

Row 5 - 6
Input identification
¢G (1) Center of mass X-component (in')

CG (2) Center of mass Y-component (in)

cG (3) Center of mass Z-component (in)
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TABLE 11
THERMAL BOUNDARY DATA

Row 1 - 2
Input identification
NP TPS panel or control point number
~ 10P Optioh for atmospheric model
=0 1962 U.S. Standard atmosphere

= 1 July atmosphere at 30 degrees north latitude

n
~nN

Jan, atmosphere at 30 degrees north latitude

= 3 July atmosphere at €0 degrees north latitude

o

-

Jan. atmosphere at 60 dearees north latitude
IALP  Option for angle-of-attack

= 0 ramped schedule

= 1 constant schedule

TC Critical temperature (°F)

Row 3 - 34
Qutput identification

REL VEL Relative velocity (ft/sec)

ALTITUDE Altitude (ft)

D/ Draa ecceleratior (it/sec?)
OBAR Dyniriie Pressine (Yhs/Tt?)
DENSITY Dansity (slug/1i’)
REY NO Horend shock Reynolds nuaber (60)
MACH Mach ﬁnmhor (1)
: TEmp Surfzes temperoture (°F)
J;AfLQ& e epemt - e et e A gy e L
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TABLE I1 (CONT'D)
THERMAL BOUNDARY DATA

output fdentification .
FLOW  Flow characteristic

= 1 Laminar

= 2 Transitional

= 3 Turbulent

Body flap setting (DEG)

Elevon setting (DEG)

Angle-of-attack (DEG)




6.0 SUBROUTINE DOCUMENTATION

The following sections define TBAP subroutines. The subroutines
ATMOS and AR140C are current SVDS (Reference 3) routines and hence
are not documented in this note.
6.1 INTGI2
6.1.1 PURPOSE: INTGI2
Subroutine INTGI2 calls the BAP routine.
INPUT
NBAP  Flag determining thermal boundary option
= 0 Does not call TBAP
= 1 Calls TBAP

OUTPUT

None applicable to BAP
ALGORITHM

None applicable to BAP
CALLING SEQUENCE

Call INTGI2
CONSTANT REQUIRED

None required

SURRQUTINE REQUIRED

RAP
Cther routines not applicable to RAP
* NOTE: Only the portion of INTAI2 applicable to TRAP is documented

in this dosian note.




6.1.8 FLOWCHART

The first executable statement
;:Pto deternine whether to call’

The remainder of subroutine !

INTGI2 is unchanged.
(see Reference 3




6.2 BAP

6.2.1 PURPOSE: BAP is the executive routine used to sequence other

routines in calculating thermal boundaries.
6.2.2 INPUT:

TPS panel or control point number |

Initial velocity (ft/sec)

Maximum velocity (ft/sec)

Velocity increment (ft/sec)

Angle-of-attack option flag

0 ramped schedule
1 constant schedule
DT Temperature convergence criterion (°F)
NC2M Cor rergence interval specification
Input identification labels
QBAR Dynamic Pressure (1bs/ft?)
MACH Mach number (ND)
H Atitude (ft)
Drag acceleration (ft/sec?)

v Relative velocity (ft/sec):
Write LLODFILE on UNIT 8
ALGORI Tt

See flo&chart Sec, 6.2.8

6.2.5 CALLING SEOVENCE

Call RAP




6.2.6 CONSTANTS REQUIRED -
' “H = 160000. Init;;l altitude |
JCAL = 0 Flag in ART40C to eliminate Call AROCAt ;
" 6.2.7 SUBROUTINE REQUIRED - o
TABLE
ATMOS
AR140C

HTRATE
TPS
- TI

Z
b
X
LA
£
&
¢
E
g3
3
¥
£
g
:
>
¥
",:,
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CALL TABLE (NVAL ,
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cntt ATMos( Hy T0P, VANS)

P = FANS(1)
T = F/\NIS(.R) .
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7 4

C('llf':."ilf'
A

£
CALL HIARNTE

v__

CHLL Tr

‘g!o
Ho ::h_H
H="H+100.
Tro = TP

COMPUTE PET : |
PET= joax [ TP-TC
/ TC/

_DUM = ABS(PET)




6.2.8 FLOWCHART (CONTINUED)
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N,

purt = H+(H- HO)* (T¢C -
)/ (TP -1F0)

Ho = H |

TPO = TP

H=buM

Ne2 = NCa + 1

6o io 3

P

Dee yui r
PET

ComMPTE DRAG
boM = QAR ¥ COXx
S/ Mnss

e ——

Du 7,'/)14 7‘
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6.3 IPS

6.3.1 PURPOSE: TPS
subroutine TPS calculates normal shock Reynolds

. - e Avv
L SRR B ey S e : N
S SR TR ;‘,_n.p PN . 7 i,

number and the stagnation point convective heat

v
oo Qourimon

rate for a one foot radius sphere.

6.3.2 INPUT:
IREN Reynold's number computational option flag

KNTTPS Number of integration step sizes since the
last TPS Model Computational update

NPANEL Number of TPS panels and control points

RHOSL Density at sea level (slug/ft?)

AlSY (3) Ratio for density at altitude to density at
sea level
1V Vehicle number

Thermal Protection Option

= 0 TPS is not simﬁ1ated

= 1 Initialization pass of TPS
= 2 Execute TPS logic (Initialization completed)

= 3 Print TPS summary

: 1
£
R 3
¥
g.

%

Number of SVDS integration cycles per TPS
integration step

VT Relative Velocity (ft/sec)

T400K Time at altitude of 400000 feets

TE{w® Array of current atmosphere data
Opticn for TEAP driver

‘= @ Lo not use TBAP driver
= 1 Use TGAP driver
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-~ OUTPUT:

* QREF Stagnation point heat rate (BTU/ft2-sec)

~ REN Reynolds number behind a normal shock
S Sée flowchart Sec. 6.3.8
CALLING SEQUENCE
Call TpPS
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6.3.6 CONSTANTS REQUIRED

Relative velocity table corresponding to VISC array
DATA vES/eug..nggg..1509.:2300..2500..3ooof,ssooo.4000..*500.{
50000|55590.6309076500.,70000,75000.8C090l85000.90ﬁ0'|9500t.
]cggo.,[GSQﬂ..llGOO.liISQQn.1200000125000'130000013530-ol*UOU.
y14500e¢15C000 ,15500¢916080021650049i7000411750034016C004,
chjc..ZZGﬁQ.'25000.l75509.,25890..260500.26060..26100..
AngO0e/

Coefficient of viscosity VS relative velocity

DATA VlSC/-3‘OE~6.-351E—b,o394E-6.-4695-6,.5415-6,.64b5'6..7q5€-6.
cBSDE-6|~95|E—69°1065E“5!.l17E'5’-l28h-5;0l385-5|01q7€-5.
01565£“59o|655ﬁ“5n017355“50.lalE‘Ss.1865E"5|o1925-5o019655-5.
02E‘S|0?03E‘5.'2!CE'5'92175‘5.'2275[”5)oquL'SQOZSlE"SQ

_-2615'5.'Zéﬁf-S1l275£-5,-2325-5.-289£-5,oZ?ZSﬁ*S:oZV?ﬁ-S,
.3E-5..311&-5.-323[-5h.3U5E-5,03q95-5.03q55'5.03415‘500337E~5.
e 2846E=5,0286F 5/

6.3.7 SUBROUTINE REQUIRED

Hone

P 3
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6.3.8 FLOWCHART
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Tvi=2v4L |

ANTTPS (1v1) = KNTTPS (ivi) + 14
KNTT = Mob(KNTTPS (1v1)

NTPS(IV1))
4

KNTTPS(iv1) = D

‘/ESX\:;/J)
yli .

"o

Y
MTpPs(ave) = . |
TTPS(IVi)= 11F ¢
WS = ¢ 0
——Y
== bp_t b, Nonc >

¥
(U’m, Gi)= 00‘

..1,"...). . '-vl...,.h.....-—w
1.

s o et e wom wme ¢ ) o ——— ————
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6.4 HTRATE

6.4.1 PURPOSE: HTRATE
Subroutine HTRATE determines the flow characteristic
(1aminar, transitional, or turbulence) for a given
panel and computes the corresponding heat rate.

6.4.2 INPUT:

ALPHA Angle-of-attack (RAD)
NPANEL Numberof TPS panels and control points
QDOTC Stagnation convective heat rate (BTU/ft2-sec)
IV Vehicle number
REY . Reynolds number behind a normal shock
f DELVTR Angle of deflection (hbody flap and elevon) (RAD)
IBAP Option for TBAP driver

= 0 Do not use TBAP'driver
= 1 Use TBAP driver

NP TPS panel or cuntrol point number

6.4.3 OUTPUT:

B R T o S T ORI SR RO

QDT Heat rate (BTU/ft2-sec)
{ ; IFS Flow characteristic

= - = 1 (leminar flow)

= 2 (transitional flow)

= 3 (turbulence flow)

REHS Peynolds nunber et tronsilien  onsetl

6.4, & RLGORTTYN

See flowchart Sec. 6.4.9

: 0.4.5 CALLINE SERUTLCE
x Call FTRAT.
i

b




6.4 HIRATE
6.4.1 PURPOSE:

INPUT:
AL?HA
NPANEL
QDOTC
v
REY .
DELVTR
IBAP

NP
6.4.3 OUTPUT:
QoT
IFS

RENS
ALGCRITHN

HTRATE
Subroutine HTRATE determines the flow characteristic
(1aminar, transitional, or turbulence) for a given

panel and coﬁputes the corresponding heat rate.

Angle-of-attack (RAD)

Numberof TPS panels and control points
Stagnation convective heat rate (BTU/ft2-sec)
Vehicle number

Reynolds number behind a normal shock

Angle of deflection (body flap and elevon) (RAD)
Option for TBAP driver

= 0 Do not use TBAP,driver
= 1 Use TBAP driver

TPS panel or control point number

Heat rate (BTU/ft2-sec)

Flow characteristic

= 1 (laminar flow)

= 2 (transitional flow)
= 3 (turbulence flow)

Reynolds number at transition onset

See flowchart Sec. 6.4.9

CALLING SEQUENCE

Call HTRATE
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6.4.6 CONSTANTS REQUIRED Page: 20

LaMItak GDOTL/QDOT STAG Vg ALpHA AND PANEL NUMBER

DATA (CllgK)aKE],13) 1055|D.o5170.oQBSO.oqsuao.qqgu,.Q3lg’.q390.

. U900, 04390,04370,e4340104330,0431G/
DATA (CU2,KD4R=1,13) /e154Gy01620,01740,41983042160,423804.2300,
« T ©23AC92300,02300,42380142550,¢3G50/
DATA (CU3sK)sK=}1,13) /.GZqG.og57D.-8899.01225o-1370.-1530;.lbruh
. *1810321920,21943,¢190021300,¢1380/
DaATA (C(q’K,'K'l'la) v_/-,CZOO»-0340.-0550.36839n1000..1170“x_\so.
. ©1510401660,91810,41940942050,4223C/
DATA (CU5)K}sK*1,13) /eC29Ce0326G:02423,40662C14C759,4658G,41000,
. o e110040121C,0132C,414300+1540,017507
DATA (CU64K)9K=1,13) /e0290,¢n300,0350,¢043C2+0530,¢0630,,0499,
. 0078010{‘,870.009605010‘30001"60,.]3]9/
DATA (CU74K)sK=1,13) /e4C2C103610,03210,+2B40192670,+2530,.2400,
. 023001302230,92200,422001022004022007
DATA (C(ByKIIK=1,13) /e2435,42462,42493,02518142535,42550,42545,
. ' 02582,02599,02617,026371026604,027137
CATA (C{9,K)sK=1,13) /.0970’09989.-1080..1250..1QJ0,.1750',2‘40'
. 022803 e2260,¢21200,41960+4187040186107
DATA (c(ln.K’.K=|.13)/-0170.-3460.-2690.-0899-.0899.-0950..1030,
. 110,011 70401220,412509e1310,40135G/

DATA(C(|l.K)!K"l,13)/0002710-!‘3‘1.-.‘3529’t3657l,0571‘43'03771‘4..083‘-1,
1 0BT728 4 «0942F 1409857010342l 079s,11357/

OAIA(C(’Z'K,.Kgl"3,/'012‘7'°c21q3i’8342‘?.00‘{l‘.3|00q779.00‘:)5'.0‘,u,\;
o00061“3.006Q21toC67Q7o~56929’.07|q3t0975/
DATA (C(13,K),K=),13)/13%3.05p/

DATA (CHI4WKD K=1,13)/40%0G,e0400,+04900,4040010C%004004C0,.1400,

. e 0800, e ndBD , e D400, L0400, e0400 004057

DATA (Ct15,K) y K=} l13)/‘30‘{2"(‘:quy'f‘oL’Z’ODUQZl000‘42.000’12’.33‘!2.
. oU042,0r0E2, 00042, 4004214004290 00427

CATA (Ct1a,k) k=] .}3)/.020‘1,-r393,-3(‘82,00069'oDUb‘OoOQCE‘?o-SOJéo
i . ) ] eC0 )5, er0154¢2015,4C0151¢0015,¢C015/

0rlaA (((17.K).K=1,13)/.1070..nS?D.-8625..04?0..0320.o0223..0135.
« eC075,en051,e0051 ,.00513400514eC0517/

Datla ((lepK’;Ktl113)/00873b-fxb%“,quBS.cGZS‘?g.0]56,.0125..3("86'
eP0L5erG59,e0050 , 4 C0O5C e 00504000550/
CAYA(C(l?oR)oK=lg!3)/0039cl1oﬁC&35;~GCGb°6.,Q[|07..0123l..0‘338'
onblk‘o!‘_\.oCXS‘*Zvof1639,cCl73‘?.,()19227|0519C6'-0..[}2333/
DrTA (((;ffwl)ﬂ(‘].j3)/.f_‘3q3.lﬁ3qu033‘430-C3‘4L‘a003400003"31033‘10.
0300, 08T, 2340, ,0340).0340,0C3407
Leva (((il.K).K:l.l3)/.0l;u,.q;7u..g‘20..0,39,_0120..Cl20’.0‘10.
'C'?(""n!20"?'?(—‘,'U!?Ct-{”{ﬂ,.ﬁ]:{/
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Alpha table corresponding to LAMINAR QDOTL/QDOT STAG
DATA ALP/l00|l5o.20..250u27.5.30.,32f5.35..37.5.q0.'q2.5,45’:50'/

Reyrolds number at transition = onset VS Alpha and Panel number
OaTA «wlﬂANstluL).L=l.14’/233909..183000..137000..;x60a0..96000..

e 77OCU-l6CUCUooq¢900113“030'125000"22°°°!Jg3999ﬁ);2990(1m~u._
N Z?EQOQ/

Datvs 4NTRANG(2.L).L‘l.l“’/tﬁsgcoo.108003-,51000-.59000.;@&03Q.;”
. 5)030..“5995.,39000ol34090.,29C000'26800002300000203000|
] 15800/ . ) . , R
DATA (R;Rkus(s:L),L=l.Iﬂ)/86590.|55300-.“8200-,408000934“000.
‘e 29&Q0..25822..225003a199090;17960-016200001500053)4!909!MM
A 17900/
DATA (kTRAus‘qoL).L‘l|IQ’/156QQ..16009-.17003..18000-020300-.
. 24500 126‘432..26100. 124400 y22800. |214000020300'O‘95000|
L4 153600/
DATA (RTRANS(SbL)gL=lo‘q)/!GCGOQQlOlﬁOo.leOO-;lllOUO:lZ;UOO.
L 1350040149200, ,1»4100.’137500 .131530)12700' D')ZQQVQO’{Z}UO' s
. 12.5')00/
DATA (nrRAhs‘e.L).L=l.14¥/12130.,11100..loacao.loooo-39800..
. q6‘30'095c":~' 1 940QC 19u00e 193000 27300, 19203« 2920349920C e/
DaTA (RTRAN5‘7-L).L=l.14’/38793..31003..24500..21509..;9qsg.,
. |75500’léff’:..l“boo.tl:‘:‘ﬂgo .123000911260' s 10200 $93QE’0 17533 ¢/
DATA (kTRAus(a.L).le.1q)/250qo.,19600..15060o.l3500~912»00-.
. llﬁOO-.ll3C?..}9600.aQEGD,iﬁﬁQQpn7§gg:l67000y550959330q1/

DATA (RTRAHS‘?:L).L=|tlﬂ)/ZOlCG-’15330~.106030093900090Q90s930G00
. 2TICCer 1500 e,1L5CC 196006 , 6900, s 450N 33420 22700/

DavaA (RIRAAS(IE.L).L=I.l“q!??no..uSQO..7e:9..7loa.,bﬁba.,57§o,.
. 50?0-.“21?-.35“00|30250|26700.243Co|23830'23500/

DatA (RYRAhs(ll,L).L=l.x“)/alna..6790..5380..*740~.Htss"lboop.
. I8N 12650 .228.‘,‘0119"7n-91730-.1580-.lSOC-'l“BOo/

DAVA («TRANS(12sL)olE] ol")/lqueu-.12?9’3.194000 1862000972006 267030
. H502e 360004 ,5200 .390"0.32000 .27330'22900010000/
OATALSTRANS (1300 ), L=l ,14) /7149 14430/

DATA (UTRALSEIH,L)sLEl 1Y)/ 18 eu2000/

VAala (wfR;n§(|5,L,,La1,1q,/1q.2gq33./

SATA (MIRANSI16,L ) L=y 18) /1403702067
DATAERTRANS (L7, L) ,L=l,18) 2148540006/
DATALIRANS (12, L) L=dyis) s taencnlle/

Catla (wvﬂihs‘xv.L).L=\.x")/3970.-33?0-.2650..23“0-,28“Ut-1750--
. 1 he s 126203 179%¢9960,1850097830172000660¢/

DATA (1R GU20,L L=l ,31%) /14119207

ATA R TRANE LD L)L EL 18y /145000 e/
BATA L IRPANS 22,0 LBy ) /1M 135003/

RTINS S RIS EEWA KRNy AN
N .rw:ng(gu,L),Ln[.1N)/1%.77”30,/ .
ST A TEANGS 2S5 UYL= y 1) 764D '1{57(!..35(‘3..2920. ,2‘*8(}0’21000!
- ‘OQl‘FE'To113{)'?0.‘71’5"0 |'.‘f_f00.‘:::?. 2920 y88Qey/

TPALS 26,0 ab=1 14/ 1522004/
AL 3T ) L E e iRm0 e 3T 260040234044202000 17300
hj'"'?5:'0lﬁ74¢09!°.!ﬁ‘"0.7“2'17100;7670/

SRR S SIS IS R WA LR RS X
e RALL2Y Ll ol")/i.f-r,:'.yb’57'.\-.53(2(?."'63(1. 241G ie13bH0
P T ey 2N 277 ey 28 10200 217D e 208" @ 119334/
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6.4.7 SUBROUTINE REQUIRED
None
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PURPOSE: TI
Subroutine Tl computes the surface temperature as
a function of heat rate.
INPUT:
QoT Heat rate (BTU/ft2-sec)
NPANEL Array of TPS panels and control points
NP TPS panel or control paint number

IV Vehicle number

OUTPUT:

TARY Array of panel surface temperatures (°F)
ALGORITHY
See flowchart Sec.

CALLING SEQUENCE

None

CONSTANTS REQUIRED

C = 24710577 E + 13

SUBROUTINE_REQUIRED

lone
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6.0 TAgLE

6.6.1 PURPOSE - TABLE

Subroutfne TABLE is a Tineap interpo!atfon routine,
6.6.2 INPUT

NVAL

Y1

}
Dependent Variable
6.6.4 ALGORI[@Q

PEORWRC

6.6.5 CALLING SEQUE
\\

See flowchart Sec, 6.6.8
NCE

e S

Can TABLE (hvaL,

3
’ "’ x}i Y’) /
“ 6.6.6 CONSTANTS REOUIREU

N =)

6.6.7 SUBROUTINE REQUIRED

None
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1.0 GENERATE INPUT PROGRAM (GIP)

GIP is an auxiliary program which accepts a tape of thermal

boundaries data from TBAP and plots the thermal boundaries using
the TRUWPLT (Reference 4) routine. The GIP was written to facilitate
the method of inputting data into the TRWPLT routine. An example

of the printed output from GIP is given in Figure 1. Examples of

i thermal boundaries which were plotted using GIP and TRWPLT are
? presented in Figures 2, 3, and 4.

= 1.1 PURPOSE:

GIP accepts a data tape frow TGAP, processes the data, and outputs

calcomp or micrefilm plots.

1.2 INpUT:

JCCorp Type plot indicator
%y = 0 Calcomp
’ = 1 Microfiim
KUATT Cata tape irput unit
HWTRAL Tape type selector

= 0 Input cata tape was generated using FORTRAN
write stoteconts,
= 1 Input dota tape vas gerorated using NTRANS

write ctatements.

WS Plot syrtol celector

CHoLT Pultiplicetive factor

La T ledopendent axis identification
Yool [orondent ade iduatification
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DN No.: 1.4-4-5
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1.2 INPUT: (continued)

TITLE Graph title

IPNF Total number of files on data tape for a given plot
JANF Actual file number

NVAR2 Dependent variable

2 Altitude (ft/sec)
3 Drag acceleration (ft/sec?)
4 Dynamic pressure (1bs/ft?)

Number of cards to specify scale paramaters

- Humber of cards to specify axis identification
1.3 QUTPUT:

ICCOMP Calcomp/microfilm indicator

KUNIT Data tape input unit
NTRAN Tape type selector
NCHAR Plot symbol selector
CMULT Multiplicative factor

XLABEL Independent axis identification

YLAREL Dependent exis identification
TITLE Plot title
IPRINY Print indicator

= -1 Print plot titles only
= 0 Suppress print
= 1 Print plot titles and data points

= n Print titles and first n data points (ns 1)
HoInec - Deta tape format indicator

: 0 Toro contains reve than on2 type of receid.

= 1 dape cor Luips enly one typr of recerd,
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1.3 OUTPUT: (continued)

LINGER End-of-file frame advance indicator

= 0 Frame or graph will be advanced normally.

= 1 The variables specified by *he first PLOT card
following the ENDFIL card will be pletted on the
current plot.

Number of end-of-file marks to forward positioned over
Frame advance indicator

0 Frame or graph will be advanced normally.
1 The variable in the PLOT list will be plotted
on the same graph as the previous plots.

PLOT Specifies variable to be plotted
ENDLST Plot 1ist termination symbol
ENDPLT Plot input termination symbol
ENCRUN Job termination symbol

REWIND Rewind the input data tape

1.4 CALLING SEQUENCE

Mot applicable

1.5 CONSTRNTS PEQUILED

HVART =

1.6 SUCROUTTLE REQUIRSD

Kone
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1.7 FLOWCHART

DN No.: 1.4-4-5

- Page: A-4
( STHRT )
*g Independent pl t iabl
) ndependent plo variable’
N\/Ar 1=1 ' re]ative velocity

1

0L S - ——

I=1,"4 1 . Basic inputs
i such as:
| 1CCOMP, KUNIT,
...... - { NTRAN, NCHAR,
ReAr en Jc i etc.
TNPUTS y-"b 1
-
\fﬁl‘
Ly M) Ny m&a\J
NVAR2 Dependent plot
variable
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READ _ IPNF, number of files for plot
TPNF JrdfCIon JANF, the actual file number
‘l ~on the data tape

®--__- Do 4l
I= .l IPNF

m//, ;e
JrPRIN TJ

NOTREC

K= JHrlF (T-1)
SKIP = ( 3nNF(I) -
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